Abstract-This paper addresses the design of fractal antennas placed onto dielectric object in the UHF RFID band and introduces a tag antenna configuration of simple geometry having impedance tuning capability. Through the paper, the dimensions of the fractal antenna are optimized to improve the impedance matching with the chip impedance. The tag performance changes are studied when it is placed on different objects (e.g., cardboard boxes with various content), or when other objects are present in the vicinity of the tagged object. It has been shown that a tag antenna can be designed or tuned for optimum performance on a particular object. Using the finite element method the open circuit voltage and the polarization mismatch factor against the operating frequency are calculated. The input impedance, reflection coefficient, power transmission coefficient and the read range as a function of frequency are illustrated. The performance of the tag antenna in the presence of the dielectric box and different object materials inside the box is illustrated. The effect of the objects that are placed in the center of the dielectric box didn't have a significant effect on the performance of the tag antenna; there is a small shift in the resonance frequency but still within the operating frequency band. Both the power transmission coefficient and the read range change with the object material. The backscattering properties of the tag antenna have been studied. The differential radar cross-section of the tag antenna is calculated for different antenna loads.
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INTRODUCTION
The radio frequency identification (RFID) system is an automatic identification system using radio frequency waves to transfer data between reader units and movable objects called a transponder or tag. The RFID tag can be attached to almost anything such as pallets or cases of a product, documents, electronic devices, luggage, people, or pets in order to identify, track, or categorize them. The RFID tag consists of an electronic microchip and an antenna element. In general RFID tags can be categorized as active and passive. The active tags get their energy completely or partially from an integrated power supply, i.e., battery, while the passive tags do not have any power supply and rely only on the power extracted from the radio frequency signal transmitted by the reader. RFID tag antenna is loaded with the chip whose impedance switches between two impedance states, usually high and low. At each impedance state, RFID tag presents a certain radar cross section (RCS). The tag sends the information back by varying its input impedance and thus modulating the backscattered signal.
An antenna for an RFID-tag should satisfy the following requirements: 1) the antenna element should be thin; 2) it should be flexible with a simple shape; 3) the impedance bandwidth should be wide; 4) the antenna should provide omni-directional radiation pattern [1] . Different from the traditional antennas working at the resonant frequency, the conjugate matching method is used to design RFID antennas to get efficient power exchange between an antenna and a chip. The variation of the chip impedance with power and frequency can drastically affect the performance of the tag. Usually, in order to maximize the tag range, the antenna impedance is matched to the chip impedance at the minimum power level required for the chip to work. Conventional general-purpose tags are designed in free space, but when on-body applications are required, the strong pattern distortion and the efficiency loss, caused by the object dissipation and scattering, need to be taken into account in the first stage of the design. The presence of the object with its permittivity will induce strong power absorption with respect to free space.
Several papers have been published on RFID antennas for both passive and active tags, including covered slot antenna design [2] , circular patch antenna analysis [3] , meander antenna optimization [4] , planar inverted F-antenna [5] , folded dipole antenna [6] , etc. however, very few papers [7] [8] [9] [10] provided an overview of criteria for RFID tag antenna design and an analysis of practical application aspect.
RFID tag antennas tend to be too complicated for analytical solution as they can be used in complex environment. Tag antennas are usually analyzed with electromagnetic modeling and simulation tools, typically with method of moments (MoM) for planar designs (e.g., thin flexible tags) and with finite-element method (FEM) or finitedifference time-domain method (FDTD) for more complicated threedimensional designs (e.g., thick metal mounted tags). Tag antenna is first modeled, simulated, and optimized on a computer by monitoring the tag range, antenna gain, and impedance which give to a designer a good understanding of the antenna behavior.
Because of the size and tunability requirements, fractal antenna was a natural choice. Fractaling allowed the antenna to be compact and matched with the chip impedance in the RFID frequency range and to provide omnidirectional performance in the plane perpendicular to the axis of the antenna. The performance of modified Koch fractal monopole antenna is compared to that of the meander line in [11] . It has been demonstrated that the less complex and less constrained geometries of the meander line are more effective at lowering resonant frequency than the Koch fractal monopole. A loaded meander antenna design for RFID application is demonstrated in [12] . In this paper, modified Koch fractal tag antenna mounted on a dielectric box containing different objects is investigated using the finite-element method. The design of the antenna has been conducted taking into account the presence of the dielectric box and its contents. The antenna input impedance is designed for conjugate-matching to high capacitive input impedance commercial UHF integrated microchip (IC) EPC Gen 2 RFID IC chip without using a loading bar as in [12] . The chip impedance is Z c = 40 − j133 Ω at 930 MHz [13, 14] . The radiation properties of the antenna design are analyzed. The three design goals considered were a suitable impedance bandwidth, omnidirectional radiation pattern and simple structure.
The paper is organized as follows: the design of the modified Koch fractal antenna is presented first followed by the simulation method, FEM, and the simulation results of the antenna's return loss vs. frequency, the radiation patterns, the read range and gain. Finally the conclusion is presented.
FRACTAL ANTENNA; STRUCTURE AND ANALYSIS
Fractal antennas are characterized by their special geometric characteristics, which allow a reduction of the antenna dimensions [15, 16] . The geometry of the fractal monopole for the passive tag is shown in Figure 1 . The values s 1 = s 4 equal to one third of the height L a and change the angle α, scaling the values of s 2 = s 3 in order to preserve the height L a constant for all iterations. In this case, the total de- ployed antenna length will increase with the number of iteration. This leads to a change of geometry and of the fractal dimension. Four affinity transformations W 1 , W 2 , W 3 and W 4 can be applied successively to construct the monopoles K 1 , K 2 , . . ., K n . The procedure can be represented symbolically by [14] 
where n is the nth fractal iteration. The transformations are defined by the following expressions [16] ,
where e 1 = 6 cos α, The dimensions of antenna and iterations of the modified fractal antenna are optimized to improve the impedance matching with the chip impedance with smaller lengths. Throughout this paper only the 3rd-iteration modified fractal antenna K 3 is considered.
The polarization properties of the modified Koch fractal antenna may be accounted for by using complex vector effective length parameterh to describe the receiving properties of an antenna. If E i is the incident electric field thenh is defined in such a way that the received open-circuit voltage is given by
The complex vector effective length is given by [17, 18] 
I o e jkr cos γ dr (6) whereĪ(r ) is the electric current distribution along the antenna, I o is the current at the center of the dipole and γ is the angle between "r " and the spherical vector "r". The current distribution along the antenna is determined by using the FEM. The polarization mismatch factor p is given by
The design of the good tag antenna comes down to the enhancement of the reflection coefficient Γ tag , which is to get a good matching for the antenna impedance to the chip impedance. The reflection coefficient matching complex antenna port impedance to the complex chip impedance is given by [14] 
where Z c = R c + jX c is the chip impedance and Z a = R a + jX a is the antenna impedance. The most important tag performance characteristic is read range -the maximum distance at which RFID reader can detect the backscattered signal from the tag. The tag read range was computed from Friis free-space formula as [19] R = λ 4π
where λ is the wavelength, P t is the power transmitted by the reader, G t is the gain of the transmitting antenna, G r is the gain of the receiving tag antenna, P th is the minimum threshold power necessary to provide enough power to the RFID tag chip which is −10 dBm, P is the polarization mismatch factor and τ is power transmission coefficient given by
The tag range bandwidth can be defined as the frequency band in which the tag offers an acceptable minimum read range over that band. A better than 95% power transmission coefficients can be achieved in the world UHF RFID band. Better matching and higher antenna gain is a straightforward and effective way to improve the tag reading range.
When the tag antenna is loaded with an IC chip which is a function of the input power and the operating frequency. The radar cross section, RCS, can be altered by terminating the antenna with chip impedances, the modulation depth of the RCS affects the tag reading range [19] [20] [21] [22] . Generally the RCS of a tag antenna can be defined by
whereĒ s is the total scattered field from loaded tag antenna. Through this paper, the finite element method (FEM) [23] [24] [25] [26] is used to demonstrate the tag antenna performance.
NUMERICAL RESULTS
For reference purposes with available measurements, a fractal antenna dipole in free space [15] is investigated. Figure 2 shows a comparison between the measured values of the input impedance and the simulated results. The antenna used is 3rd-iteration Koch monopole with dimensions such as L a = 8 cm, wire radius a = 0.12 mm and α = 60 • . Good agreement is obtained. To electrically isolate the antenna from the object, it is assumed that the tag will be attached onto the object through a thin siliconedioxide substrate. The tag antenna layout is shown in Figure 4 . The tag antenna consists of fractal dipole sandwiched between two dielectric layers. The top and bottom layers are made of silicondioxide with dielectric constant of ε r1 = 4, each of thickness 1.6 mm. The supersaturate layer is used to protect the antenna from the outer environment with the effect on the antenna performance [27] . The antenna has been designed and optimized using the finite element method. The design process involves as a first step a major tuning of the antenna input impedance, with the chip impedance, obtained by modifying the height L a and the suspended angle α. and H-plane radiation patterns at f = 910 MHz for the tag antenna are shown in Figure 6 . These curves show that the obtained radiation patterns are somewhat similar to that of a typical dipole. Omnidirectional pattern in the H-plane is observed. Figure 7 shows the gain of the antenna versus the operating frequency.
In the backscattering-modulation process, the impedance of the IC chip is changed between two states. By changing the input impedance, the RCS of the tag and the power received by the reader are changed. The difference between radar cross sections of the two modulation Figure 9 . The tag antenna configuration over Carton box with length L carton , width W carton , height H carton , and thickness t carton , of simulated Carton material with ε r2 = 2 and tan δ = 0.04. the phase (PSK modulation). In the simulation the modulation is made by varying the real part (for ASK) or the imaginary part (for PSK) of the load impedance [28] . Figure 8(a) shows the radar cross section for the tag in free space against frequency. Different antenna loads are considered. Cases include chip impedance conjugate matching
ASK modulation (Z L = 540 − j133) to produce amplitude variation, and for PSK modulation (Z L = 40 − j633) to give phase variation are considered [21] . Figure 8(b) shows the differential radar cross section "∆σ" for the tag in free space against frequency. Different antenna loads are considered. Cases include ( object, this object is simulated as a dielectric box of dimension H carton × L carton × W carton equal 40 × 40 × 16.82 cm 3 . The dielectric material is a simulation of Carton material with ε r2 = 2, thickness t = 3 mm and tan δ = 0.04. Figure 9 shows the tag antenna placed over the dielectric box. The tag antenna input impedance, chip impedance, the power reflection coefficient, the power transmission coefficient, and the tag read range verses the operating frequency are illustrated in Figure 10 . The tag antenna dimensions are as in Figure 5 . The performance of the tag antenna is changed due to the effect of the dielectric box. Performance changes include shifted resonance frequency, and degraded impedance matching. Therefore, new tag antenna length 2L a must be tuned through the design to remove the effect of the dielectric box. The new tag dimensions are Figure 11 . The corresponding E-plane and H-plane radiation pattern at 910 MHz and the tag antenna gain versus the operating frequency are shown in Figure 12 and Figure 13 respectively. An object with length L object = 29.4 cm, width W object = 6.28 cm and height H object = 29.4 cm with dielectric permittivity ε r3 is placed on the center of the dielectric box and the tag antenna is attached to the dielectric box as shown in Figure 14 . The object is made from different materials includes (1) Arlon AD 320 (tm) with ε r3 = 3.2 and dielectric loss tan δ = 0.003 (object1), (2) materials is depicted in Figure 15 with their performance listed in Table 1 . The radiation characteristics of the tag antenna with different objects are displayed in Figure 16 . Figure 15 shows that the matching condition is still preserved within the entire band considered. The 3D radiation pattern at 910 MHz for different objects is shown in Figure 17 . Figure 18 shows the tag gain versus the frequency for each object. Figure 18 . The tag antenna gain G verses frequency for tag antenna attached to Carton box containing different objects. According to these cases the effect of the objects placed in the center of the dielectric box didn't have a significant effect on the performance of the tag antenna; there is a small shift in the resonance frequency but still within the operating frequency band. Also, the chip impedance matching change according to the object material properties. Both the power transmission coefficients and the read range change with the object material. The radiation pattern characteristics are affected by the presence of the object, but almost omni-directional patterns in the H-plane are observed. Figure 18 shows the RCS and differential RCS for conjugated-matched antenna, loaded with Z L = 40 − j133 Ω,
CONCLUSION
A fractal dipole antenna for passive UHF RFID applications has been proposed, analyzed and designed. The tag antenna consists of a modified Koch fractal dipole antenna sandwiched between two dielectric layers. The tag antenna has been designed and optimized using the finite element method. The proposed tag antenna can operate at 910 MHz. The antenna is simple and has good impedance matching with the chip impedance. The variation of the magnitude of the open-circuit voltage and the polarization mismatch factor against the operating frequency are explained. The input impedance, reflection coefficient, the power transmission coefficient and the read range are investigated. The RCS and differential RCS are calculated for different load impedances. There is a small shift in the resonance frequency due to the different objects placed inside the dielectric box around 13 MHz.
